Objectives To detect the incidence and risk factors that predicted the occurrence of neonatal hypoglycaemia and to identify neonates who require mandatory blood glucose screening during the first 48 h of life.
Introduction
Neonatal hypoglycaemia is a preventable cause of neurological sequelae. It is extremely important in developing countries where neonatal mortality accounts for 50-60% of all infant deaths [1] . Hypoglycaemia, combined with other fuel deficiencies that may occur in association with fetal growth retardation, prematurity and birth asphyxia, may contribute to some of these early deaths.
In large maternity units of the developing world, the disproportionately high number of deliveries and limited resources often make institution of early breastfeeding and maintenance of the warm chain difficult. Hypoglycaemia is surprisingly common in apparently full-term healthy neonates of developing countries [2] . Since 'universal blood glucose screening' may be hazardous [3] , need is felt in such centres to detect neonates who are at high risk of developing hypoglycaemia for screening. The present study attempted to detect the incidence of neonatal hypoglycaemia and the risk factors that influence its occurrence in a large maternity centre of India. The study also identifies the neonates who require mandatory blood glucose monitoring during the first 48 h of life.
Materials and methods
The incidence and associations of hypoglycaemia have not been accurately described previously at the Institute of Maternal and Child Health (IMCH), Kozhikode, south India, where the annual number of deliveries range between 20 000 and 25 000, although the hospital promotes early breastfeeding and prevention of neonatal hypothermia.
The present study was conducted at the labour room, postnatal wards and newborn nursery of IMCH. Sample collection commenced on 1 August 2002, after getting approval from the ethical committee of Kozhikode. Enrollment was made by a systematic random sampling method, every fifth neonate entering the parturition register being selected, after obtaining informed consent from the parents. In case of stillbirths or refusal by the parents, the next neonate was enrolled. By 1 November 2002, a total of 604 neonates were enrolled, representing 3 048 deliveries conducted during this period. Neonates detected to have hypoglycaemia served as cases and those with euglycaemia as unmatched controls. Neonates delivered outside IMCH were excluded from the study.
For every baby in the sample population, relevant antenatal, natal and postnatal details were recorded (Table 1) . For the purpose of statistical analysis, hypertensive disorders were subdivided into two groups: gestational hypertension throughout the course (uncomplicated), and cases that progressed to pre-eclampsia or eclampsia (complicated).
Neonatal variables assessed included birthweight, length, ponderal index, Apgar at 1 min and 5 min, presence of major congenital anomalies, and the interval between delivery and first feed. Rectal temperature of each baby was recorded before blood glucose estimation. Neonates detected to have cold stress or hypothermia were immediately subjected to warming. Gestational age was assessed, both by calculation from the period of amenorrhoea as well as by using the clinical method [4] .
Blood glucose estimation was done on two occasions by the standard glucose oxidase-peroxidase method. All babies detected to have hypoglycaemia (blood glucose values less than 2.2 mmol/L) were promptly referred to the newborn nursery where they were treated according to the standard nursery protocol.
Blood grouping and Rh typing of the mother-baby pair were performed. Hematocrit estimation was restricted to 228 patients due to technical constraints.
Data analysis
To test the influence of above mentioned variables on neonatal hypoglycaemia, the test of independence (chisquare test) was applied. All the interpretations were made at 95% confidence limits. To eliminate the confounding effects of multiple variables on the outcome, the data was further analysed by the logistic regression method. Variables that strongly and independently predicted hypoglycaemia were validated retrospectively with respect to the present data.
Results
Out of 604 babies screened, 128 were found to have hypoglycaemia. Thus the incidence of neonatal hypoglycaemia at IMCH was 42/1000 live births. A majority of the cases (84) were detected during the first day. Twelve neonates had low blood glucose values throughout the first 2 days, in spite of the treatment. Fifty two neonates constituted the symptomatic group. Table 1 depicts the clinical characteristics of the mothers and infants with the results of chi-square analysis. Table 2 shows the logistic regression summary of the above clinical characteristics. LGA-large for gestational age, SGA-small for gestational age. 
Discussion
Of the total sample population of 604, 128 babies had hypoglycaemia during the first 48 h of life. The incidence of neonatal hypoglycaemia at IMCH was 42/1000 live births during the study period, an observation with reports from similar centres of the developing world [2] .
A majority of the neonates (65.6%) developed hypoglycaemia during the first day of life. After being abruptly removed from the constant glucose supply via the placenta, the infant is born with a blood glucose concentration that is proportional to that of the mother. During the first several hours of life there is a rapid fall in this level before compensatory mechanisms start. After reaching a nadir during the third hour of life, blood glucose levels normally stabilise at values exceeding 2.2 mmol/L. However, these homeostatic processes may be disturbed in high risk infants [5] .
Hyperinsulinism, secondary to islet cell hyperplasia, is the most common cause of persistent hypoglycaemia during early infancy. This condition may be autosomally inherited or secondary to other causes such as maternal diabetes mellitus [6] . The present study has investigated six neonates with persistent hypoglycaemia, but failed to find hyperinsulinism in them.
Analysis of the clinical data on hypoglycaemic neonates showed a clear preponderance of asymptomatic cases. This observation stresses the importance of prompt screening of the high risk neonates, irrespective of the symptoms. Poor feeding was the most common symptom (59.2%), followed by lethargy and irritability (31.2%). Hypoglycaemic convulsions were last (6.23%) in our series.
Patterns of intrauterine growth significantly influenced the incidence of neonatal hypoglycaemia in the present study. A 34.5% of the small for gestational age (SGA) babies developed hypoglycaemia during the first 48 h of life, as shown in several reports worldwide [7] [8] [9] . Large for gestational age (LGA) babies are also in a precarious situation with respect to glucose homeostasis, hyperinsulinism being responsible for both large birthweight and hypoglycaemia [10] .
Published reports conflict on the role of ponderal index as a predictor of neonatal hypoglycaemia. An inverse relationship between it and neonatal hypoglycaemia has been proposed [2] , but several workers have challenged this. A report from Cameroon [11] in 1991 has suggested mid-arm circumference as a sensitive predictor of neonatal hypoglycaemia. In the present study, ponderal index failed to influence the incidence of neonatal hypoglycaemia.
Gestational age assessment solely based on the period of amenorrhoea is prone to error. It is reliable only if menstrual cycles of the mother are regular and unmodified by maternal illnesses or oral contraceptives. Our study explored the influence of gestational age, calculated using the period of amenorrhoea and clinical assessment. Analysis revealed that clinically assessed gestational age correlated well with the risk of neonatal hypoglycaemia.
Our data did not show any significant difference in the incidence of hypoglycaemia between infants born to primipara and multipara. Proper guidance regarding healthy breastfeeding practices during the antenatal period itself may explain this. In the state of Kerala, well over 70% of the expectant mothers receive adequate antenatal care through improved health care delivery systems.
Neonates who suffer intrauterine malnutrition secondary to placental insufficiency are prone to develop neonatal hypoglycaemia [12] . In our study, hypertensive disorders of pregnancy were subdivided as uncomplicated and complicated varieties. A significantly higher incidence of neonatal hypoglycaemia was observed among the latter group. The undisputed role of maternal diabetes mellitus in causing neonatal hypoglycaemia [13] was shown in our series as well. Macrosomia, the hallmark of hyperinsulinism was observed in four of these neonates.
Five variables, viz., meconium stained amniotic fluid, fetal heart rate abnormalities, prolonged rupture of membranes, mode of delivery and birth asphyxia were chosen as indicators of perinatal stress in the present study. While the first three failed to influence the incidence of hypoglycaemia, it was shown that a significant proportion (33.8%) of babies delivered by caesarian section and more than half of the asphyxiated neonates (57.1%) suffered hypoglycaemia. There was a clustering of feeding delay and intrapartum glucose infusion in caesarian section babies, both of which are implicated in causing neonatal hypoglycaemia [14, 15] . The aetiological role of birth asphyxia in hypoglycaemia is often due to the co-existent perinatal stress, hypoxia, acidosis and increased energy expenditure [16] .
In our series, a significant proportion of hypoglycaemic neonates were cold stressed or hypothermic at the time of sampling (p = 0.0001). A feeding delay of more than 2 h postnatally was also significantly associated with abnormally low blood glucose values in the neonate (p = 0.01). These two 'modifiable' risk factors have been recognised as causative factors of neonatal hypoglycaemia in Nepal [2] as well.
Rh isoimmunisation [17] and high neonatal hematocrit [2] have been suggested as risk factors for neonatal hypoglycaemia by several authors. In our series, Rh incompatibility did not appear as a significant risk factor in the causation of neonatal hypoglycaemia. This may be due to the decreased incidence of Rh isoimmunisation in these cases owing to prior use of anti-D immunoglobulin. A high neonatal hematocrit also did not appear to influence the incidence of hypoglycaemia in this series. A strong correlation between oligohydramnios and neonatal hypoglycaemia may be attributed to the prolonged fetal stress, severe intra-uterine growth retardation (IUGR), undetected premature rupture of membranes (PROM) and fetal congenital anomalies that often accompany this condition [18] .
When adjusted for potential confounders by the logistic regression method, the influence of the mode of delivery and maternal intrapartum glucose infusion no longer existed (Table 2 ). Retrospective validation of the results of logistic regression method in the study group revealed that at least one of the above risk factors was present in 114 out of the 128 hypoglycaemic neonates (89.1%).
Thus hypoglycaemia occurs in a significant proportion of neonates in large maternity centres of the developing countries. Appropriate and cost effective interventions to deal with the 'modifiable risk factors' such as feeding delay and hypothermia will definitely bring about a significant reduction in the incidence of this preventable insult to normal neurodevelopment. Mandatory blood glucose screening of all neonates with at least one among the eight prominent risk factors (Table 2) serves as an easy and cost effective measure of detection and treatment of this morbidity.
